Trauma is the leading nonobstetrical cause of maternal death. The effect of trauma on the pregnant woman and unborn fetus can be devastating. The major causes of maternal injury are blunt trauma, penetrating trauma, burns, falls, and assaults. There are specific changes associated with pregnancy that are important for the clinician to consider when providing care to these patients. Initial management of traumatic injuries during pregnancy is essential for maternal and fetal well-being. This review outlines common causes of maternal trauma, the initial assessment of the pregnant trauma patient, and ongoing care for the pregnant trauma patient and unborn fetus.
The mechanisms of injury and death are composed of multiple categories, including blunt and penetrating trauma, burns, falls, and assaults. Familiarity with these mechanisms and suspected injuries, normal anatomical and physiologic changes, maternal trauma assessment skills, and clinical management allow the clinician to enhance the care and treatment given to these patients and their unborn babies.
BLUNT TRAUMA
Blunt trauma may occur as a result of motor vehicle accidents, pedestrians struck by motor vehicles, falls, direct blunt abdominal trauma, or physical abuse. Of all the mechanisms of injury associated with blunt trauma, motor vehicle accidents are the leading cause, accounting for 55% to 82% of maternal trauma. 4, 8, 9 During the first trimester, the uterus has not yet become an abdominal organ, making it less likely to be injured as a result of blunt abdominal trauma. The fetus is well protected within the uterus until after the 12th week of gestation when the uterus reaches the symphysis pubis and continues to grow. Subsequently, the uterus enlarges and occupies the majority of the abdominal cavity. This protects many abdominal organs while predisposing the fetus to a greater risk of injury. During the third trimester of pregnancy, the uterine wall continues to thin, there is a decrease in the amount of amniotic fluid, and the fetal head begins to rotate toward the pelvis. The surrounding cushion decreases while the fetus grows, making it more susceptible to injury. As the pregnancy progresses, there is an increased risk of blunt injuries to some of the specialized structures of pregnancy, including the uterus, vagina, placenta, and fetus. These injuries usually occur as a result of a direct trauma to the uterus, which can lead to uterine tenderness, placental abruption, vaginal bleeding, premature rupture of membranes (PROM), preterm labor, fetal hypoxia/acidosis, and fetal demise. Several maternal injuries can be predicted based on the mechanism of injury of the blunt trauma. Some injury patterns such as head injuries, spinal cord injuries, and long bone fractures are not affected by pregnancy, but there are a few that have increased likelihood because of the anatomical and physiological changes associated with pregnancy. The increase in the circulating blood volume by as much as 50% aid in the changes noted within the renal system. Renal changes associated with pregnancy include renal enlargement, dilatation of the ureters, increase in renal blood flow, and an increase in the glomerular filtration rate. These changes occur without affecting urinary output. The bladder is displaced cephalad and compressed by the enlarging uterus. Suspicion of hepatic and bladder injury with blunt abdominal trauma is very important. Blood in the urine is always atypical during pregnancy. Such findings should alert the clinician and elicit further investigation.
Increased incidence of splenic injuries have been reported during pregnancy, the majority of which occurred during the third trimester as a result of trivial injuries. 10 It is thought that changes in the plasma volume during pregnancy engorge the spleen, making it very vascular and predisposing it to injury when associated with blunt trauma. Shoulder pain without direct trauma should prompt evaluation for both splenic and hepatic injuries. Injuries to these organs are often associated with referred pain to the shoulder. Elevated levels of transaminases may provide another clue, although laboratory tests for these are rarely used in trauma. Imaging modalities, such as ultrasound, provide more information.
Pelvic fractures are also a very common result of blunt trauma and are a great risk for substantial hemorrhage. Any mechanism of injury that is significant enough to result in a fracture to the maternal pelvis may cause a fetal skull fracture and intracranial hemorrhage. Pelvic fractures do not preclude vaginal delivery when the time arises. Retroperitoneal hemorrhage is another possible maternal injury. 11 This can be very serious considering the amount of blood supply that is feeding the retroperitoneal area during pregnancy. These patients are physiologically prepared for hemorrhage because of the normal hematologic adaptations that occur during pregnancy and may not exhibit signs and symptoms of hemorrhage for some time. Furthermore, retroperitoneal hemorrhage may have a subtle presentation and be initially overlooked.
Other injuries associated with blunt trauma involve the specialized structures of pregnancy. The uterus, vagina, and surrounding tissue are very vascular during pregnancy, containing as much as 16% of the total blood volume. Injuries to this area can cause severe hemorrhage in a short amount of time. With rapid acceleration deceleration injuries, the placenta is susceptible to the shearing force. This can cause the placenta to separate prematurely from the uterine wall, causing a placental abruption. Placental abruptions have been documented in as high as 3 1 2 % of patients, accounting for 54% of fetal mortality. 12 This separation can be partial or total if classified by grade ranging from a Grade 0 (less than 10% separation) to a Grade III (greater than 50% separation). These patients may or may not have vaginal bleeding, but persistent abdominal pain is usually evident. The uterus may appear firm, board-like, and tender depending on the grade. Placental abruption can be associated with significant fetal compromise and fetal mortality. Diagnosis is made based on presenting signs and symptoms and abdominal ultrasound. Occasionally, the abruption is not evident until after delivery. Treatment will include admission, monitoring, and prothrombin time/partial thromboplastin time/fibrinogen studies to screen for DIC. This can be an emergent situation requiring high-flow oxygenation, fluid and blood replacement, and potentially emergent delivery. Shock and DIC are common complications to remember. PROM is also a consideration with blunt trauma. PROM can cause preterm labor, chorioamnionitis, and occasionally a prolapsed cord. When an injury to the maternal abdomen is severe enough to cause injury to the myometrium, causing uterine contractions, preterm labor can ensue. Uterine contusions, dehydration, and placental abruptions can also cause the uterus to become irritated and begin to contract.
Uterine rupture is an infrequent diagnosis. Unfortunately, it is associated with a very high rate of fetal demise, but fortunately only a 10% chance of maternal mortality. 13 Uterine rupture occurs either with rapid deceleration injuries or with direct compression injury. It is the actual separation of the uterine wall with rupture of the membranes, allowing the umbilical cord or fetal parts into the peritoneal cavity and potential for massive hemorrhage. These patients complain of an excruciating tearing pain and contractions are noted to cease. A rigid abdomen with rebound tenderness is common with the excruciating abdominal pain. An asymmetric uterus or fetal parts might be palpable through the abdominal wall. Shock may be present with signs such as thirst, vomiting, syncopal episodes, tachycardia, and pallor. Vaginal bleeding and absent fetal heart tones (FHTs) may also be found. Uterine rupture is usually diagnosed by abdominal x-ray that shows fetal extremities outstretched. The ultrasound will show the fetus to be free in the abdominal cavity. These patients require high-flow oxygen, monitoring for the mother and fetus, and emergency surgery.
Fetal distress or fetal mortality can occur with any of these situations. The human body naturally shunts blood from nonvital organs such as the uterus to the vital organs such as the heart, lungs, and brain. This shunting of blood will eventually cause the fetus harm. Fetal tachycardia might be noted, beat to beat variability might decrease, and decelerations and bradycardia may be seen before any changes are noted within the maternal vital signs. 14 Subtle changes in the fetal heart rate can be a good indicator of maternal and fetal compromise and should be watched carefully. Fetal mortality coupled with maternal blunt trauma has been reported at a rate of 3 1 / 4 % to 38% when such factors as maternal hypotension, high maternal Injury Severity Score, ejection from a motor vehicle, maternal pelvic fracture, automobile versus pedestrian accidents, maternal history of alcohol, young maternal age, motorcycle crashes, maternal smoking history, and uterine rupture are associated. 15 Noncatastrophic blunt abdominal trauma has been reported with a low frequency of abruption placentae, fetal distress, maternal coagulopathy, and poor neonatal outcome but these patients might benefit from an observation period. 16, 17 The fact that there have been missed cases of maternal and fetal injuries 16 confirms the need to cautiously manage patients in a healthcare setting and follow a logical approach in their management.
Seat belts are required by law and, when worn correctly, can decrease the frequency of ejection from the vehicle. It is estimated that 74% of pregnant drivers are restrained. 6 Improper seatbelt use increases the likelihood of excessive maternal bleeding by twice that of those who were restrained and a 3-fold increased likelihood of fetal death. 18 Tyroch et al 19 surveyed women during their initial prenatal visit and then 3 months later in 4 clinics during an 8-month period of time. They found that out of the 807 surveyed, those who almost always (79% of the time) wore restraints prior to pregnancy increased their use (86% of the time) while they were pregnant. Only 52% used restraints properly and only 21% recalled that they were properly educated on restraint use during pregnancy. Pearlman et al 20 during their first prenatal visit and then again at 28 to 32 weeks' gestation and found that out of the 298 women who completed both surveys, 20% rarely or never used seat belts during pregnancy despite the laws. Of those who received instruction on proper use, most used their belts more frequently (83% of the time) and could identify proper placement (77% of the time). A seat belt improperly placed across the "buldge"results in a uterine rupture and fetal demise. 21 Correct placement of the safety belt is vital. The lap belt should be worn under the abdomen and across the thighs, with the shoulder belt snugly applied between the breasts. The use of restraints minimizes the risk of ejection, lowers maternal Injury Severity Scores, and therefore lowers the risk of fetal demise. 6 Airbag use remains controversial. Several studies have been conducted attempting to evaluate the effect of airbag deployment and its effect on maternal and fetal injuries. Results are conflicting. Sims et al 22 described 3 cases in which deployment of driver-side airbags did not appear to increase the risk of pregnancy-related injuries. Another case study revealed placental abruption and fetal death 5 hours after the accident. 23 One case study suggests that air bag deployment may increase the risk of uterine and/or placental injuries to include uterine rupture. 24 For now, all current state and federal laws and regulations should be observed, at least until there is conclusive data for or against airbag use in pregnancy. A research study has provided information for the development of new pregnant crash dummies that can study ways to decrease the likelihood of placental abruption and pregnancy loss. 25 
PENETRATING TRAUMA
Treatment for penetrating trauma requires the same guidelines for the pregnant females as nonpregnant females. For the most part, these patients will be managed the same as the nonpregnant patient. However, if the uterus is involved, the plan of care may be altered. The uterus and fetus become more vulnerable to penetrating trauma as the uterus enlarges. In early pregnancy, the musculature of the uterine wall is dense, enabling it to absorb much of the energy from penetrating missiles, decreasing the missile velocity, and lessening the change of viscera injury. This low incidence of maternal visceral injury accounts for the high percentage of good maternal outcome. Conversely, fetal outcome is typically poor, probably because the amniotic fluid, placenta, and fetus absorb a great deal of the energy and slow the missile. 26 The uterine wall, amniotic fluid, and fetus usually sustain the greatest impact of penetrating trauma during pregnancy starting in the second trimester. At this stage, these structures of pregnancy occupy the majority of space in the abdomen. And, the gravid uterus is frequently the only maternal organ injured following penetrating abdominal injuries. 27 As in blunt trauma, the gravid uterus may shield other abdominal organs that have been shifted posteriorly and cephalad from injury. Of all the possible types of penetrating injuries, gunshot wounds and stab wounds are most frequently described in research.
Six percent of the injuries documented to have occurred during pregnancy are related to firearms. 4 Looking for entrance and exit wounds, knowing the size and type of the gun, and knowing the approximate distance of the shooter will help in predicting the path and damage from the bullet(s). However, it is important to remember that a bullet can hit bone, change direction, or become lodged. Care should be taken when caring for the victim of a shooting to prevent damage to evidence. The clinician should not cut through areas of clothing where the bullet passed. These articles of clothing should be removed, saved, and passed to law enforcement as a part of the chain of evidence. Self-inflicted gunshot wounds are not uncommon. If self-inflicted gunshot wounds are suspected, patients' hands should both be placed in paper bags and loosely taped at the wrist to allow for further investigation. Incidence of self-inflicted gunshot wound to terminate the pregnancy has been documented without Trauma During Pregnancy 57 significant injury to the mother. It is suggested that most of these cases can be managed conservatively as long as the maternal vital signs are stable, there is no blood in the gastrointestinal or urinary tract, and the abdomen remains soft. Only 20% of these patients require surgical interventions. 28 There is less documentation regarding stab wounds and wounds involving other penetrating objects in the pregnancy. In the prehospital setting, knives or other penetrating object should not be removed and should be stabilized in place with bulky dressings. This allows for exploration of the exact pathway when the patient is taken to surgery and often slows hemorrhage because of the fact that the object provides tamponade of the bleed. Ultrasound is often used to assess the location of penetrating metal objects and the visceral involvement. These patients will be managed like nonpregnant patients. Delivery by cesarean may be indicated if the viable fetus is in distress or if the physician is unable to repair maternal injuries. Cesarean deliveries for fetal death due to penetrating trauma are not typically warranted because of the increased blood loss and operative time associated with this type of delivery. Inductions utilizing prostaglandin may be indicated. 29 
BURNS
Each year, pregnant patients are treated in burn centers for a varied severity of burns. Fortunately, the incidence is relatively low. Maternal and fetal mortality risk factors are directly related to the type, location, and severity of burn sustained. Of patients who have a 25% to 50% total body surface area burn, the mortality rate for the mother and the fetus is 63%. Maternal loss is relatively low in patients sustaining 15% to 25% total body surface area burns and fetal loss decreases to 56%. 30 Of those who do not survive, the pregnancy will usually terminate spontaneously prior to the pregnant woman's death. Many of these deaths, maternal and fetal, are thought to be affected by inadequate fluid resuscita-tion, prolonged episodes of hypotension, septicemia, septic shock, and hyponatremia. 31 Etiologies of maternal thermal burns include building fires, stove and heater explosions, propane tank explosions, clothes ignited by heaters or stoves, fire bombs, aircraft accidents, hot water, and suicide attempts with kerosene. 31, 32 Integumentary injuries, inhalation injuries, and internal injuries can all be sustained. If trauma is associated with the burn, trauma care always takes priority.
Electrical burns also present a risk to the mother and fetus. Einarson et al 33 reported that accidental low-voltage shock (110 V and 220 V) from commonly used items do not cause major risk to the fetus. Such items associated with low-voltage injuries are household appliances, electric fences, and telephone lines. A high percentage of these women have wet hands at the time of shock. Of the 31 women followed, only 2 had spontaneous abortions and 1 had a child with a ventricular septal defect. They found that current pathway to be the indicator with the biggest effect on the pregnancy outcome. Gestational age was not important when predicting risk to the fetus.
When a clinician preplans for the care of a burn patient, the initial thoughts should revolve around airway protection, fluid replacement, and pain management. Hydration to avoid hypovolemia and oxygenation to avoid hypoxia of the mother and fetus are essential in their management. It is important to obtain a thorough report to include the time of the burn. Assessment should include the percent body surface area and degree of the burn. The Rule of Nines applies when calculating the percent burn, adding an additional 5% to the score if the term gravid abdomen is substantially involved. Early management of these patients and transport of appropriate patients to a burn center is important. Airway clearance and protection with early intubation is necessary, especially if inhalation injuries are suspected. Central venous lines may be necessary to infuse intravenous (IV) fluid and monitor the adequacy of the fluid replacement. The Parkland formula is used to calculate the Half of this volume is given over the first 8 hours and the second half is divided over the next 16 hours. If the patient is in shock, the formula does not apply and aggressive fluid replacement should be initiated according to shock protocols. Accurate assessment of intake and output is necessary. Gastric decompression as well as infusion of nutritional supplement will be needed for critical patients. Debridement and cleaning of burned areas will improve healing. Closed dressings and antibiotic therapy are often considered because of the increased risk of infection. External fetal monitor parts can be placed in sterile bags prior to being placed on the burned abdomen to decrease the risk of infection. Aggressive surgical management for abdominal, perineal, and breast wounds may allow subsequent delivery and lactation. Decisions to deliver will depend on gestational age and fetal well-being. If fetal demise has already occurred, induction will begin as soon as possible, ranging from 8 to 24 hours after admission. If the pregnant patient is term, the patient will be delivered as soon as her condition has been stabilized. Stabilization usually occurs within 32 to 72 hours after admission. 30 
FALLS
Of the pregnant patients treated for injuries each year, 3% to 31% are related to falls. 4, 8, 27 Women continue to be active with jobs, families, and activities while they are pregnant. During pregnancy, the gravid female has an increase lordosis of her spine, assisting in keeping the center of gravity over her legs. The incidence of falls increases as the pregnancy progresses because of this change in the center of gravity. The extent of the injury is dependent on the specifics of the fall, including distance and the specific body part involved. It is important that the pregnant patient be aware of these changes in her musculoskele-tal system and avoids activities that could be harmful or cause her to loose her balance.
During the third trimester, overly vigorous activities should be avoided. Exercise that involves a higher risk of falls should be avoided. Contact sports, including hockey, boxing, wrestling, football, and soccer, should also be discouraged. High-risk sports such as gymnastics, horseback riding, skating, skiing, hang gliding, and racquet sport are also discouraged because of the increased risk of falls. 34 When exercising, hydration is very important to avoid orthostatic symptoms that can cause the gravid patient to lose balance and fall.
When gravid patients fall, the patients report falling onto their buttocks or side, or report falling onto their abdomen, and usually have less than a 10% chance of having significant fetal or maternal complication. 7 Dunning et al 35 reported that close to 27% of the pregnant women they surveyed fell during pregnancy, more than 6% of them while at work. They reported slippery floors, hurrying, or carrying an object or child as contributing factors for the fall. The majority of injuries were minor and were described as bruises, cuts, turned ankles, sprain/strains, and broken bones. El Kady et al 36 looked at outcomes of pregnant women who were hospitalized for falls and found that 23% delivered during that admission. Injuries associated with their falls included preterm labor, abruption, uterine rupture, low birth weigh, and stillbirths. Those women discharged home without admission sustained fractures, dislocations, sprains, and strains.
ASSAULT
Unlike the other types of trauma noted, domestic abuse is intentional violence that causes intentional injuries. According to what is described as a conservative estimate by the Bureau of Justice Statistics Special Report: Violence against Women, 1 million women sustain nonfatal violence by an intimate partner each year. Pregnant patients are not immune to such trauma. In fact, pregnancy may worsen the incidence and severity of Trauma During Pregnancy 59 the abuse; the enlarging uterus sustaining the brunt of the force. These types of injuries have been documented in as many as 31% of pregnant patients, causing fetal death, low fetal birth weights, low maternal weight gain, maternal infections, anemia, and maternal drug and alcohol use. 37 The risk of such complications as abruption, preterm labor, vaginal bleeding, and PROM are also possible with these patients. Domestic abuse may be seen in the form of physical, sexual, or psychological battering. The patients may feel that they are in a situation in which their partner, past or present, is threatening them with bodily harm. Many patients do not report such abuse because of fear of the repercussions. It is hard for these patients to see a safe way out of their current situation. Domestic violence knows no prejudice-victims and batterers can be any race, age, religion, and of any socioeconomic level. These women are pushed, shoved, hit, slapped, kicked, and strangled by their batterer. Many women report being assaulted by their partners' fists or household objects, and some have been stabbed or shot. Most victims report that their partners have assaulted them at least once previously. The women describe their partners' temper or jealousy as the most common reasons for violence. 38 Alcohol abuse, drug use, intermittent employment, recent unemployment, and having less than a high-school education are also factors that have been associated with an increased risk of a partner intentionally injuring a women as a result of domestic violence. 39 Concerns for the family, housing, financial assistance, and lack of support groups or resources keep many of these women in abusive relationships. Patients often fear seeking medical attention until a situation such as prenatal care is needed. Therefore, obstetrical clinicians might be the first to see evidence of domestic abuse.
Studies have indicated that prenatal care might be delayed because of the effect of physical violence. One such study reported that an average prevalence of delayed prenatal care was 18%, 15% of these women en-tered prenatal care in the second trimester, more than 2% entered in the third trimester, and less than 1% received no prenatal care. 40 Many hospitals are currently screening patients on admission to their facilities by asking such questions as "Have you been kicked, hit, punched, or otherwise hurt by someone within the past year? If so, by whom?" "Do you feel safe in your current relationship?" and "Is there a partner from a previous relationship who is making you feel unsafe now?" 41 This can aid in getting patients in touch with appropriate referral and advocate services to get the assistance they need to protect themselves and their unborn baby. This type of screening must be done in private. These questions should never be asked in front of the patient's partner, family members, or friends. This will assist in avoiding altercation with the batterer and better ensure the confidentiality of the patient. These patients need to feel that they have the unconditional, nonjudgmental support of the healthcare provider. The clinician should be suspicious of patient with a history of depression, substance abuse, or multiple emergency department visits. 37 
INITIAL MANAGEMENT
It can be easy to focus solely on the enlarged uterus and forget the rest of the assessment of the pregnant trauma patient. The best way to care for the second trauma patient is to treat the injuries of the first, the mother. Initially, this will not be different from the treatment of other trauma patients. It begins with the ABCs and hopefully ends with a healthy mother and term neonate being discharged home together. Care of the gravid trauma patient requires a multidisciplinary approach starting with the prehospital providers, nurses, emergency department physicians, trauma surgeons, obstetricians, and perinatologists. All disciplines are essential in an effort to provide the optimal care for both the mother and developing fetus. Pregnancy alters the function in most body organs. The anatomical and physiological CRITICAL CARE NURSING QUARTERLY/JANUARY-MARCH 2006 changes associated with pregnancy can add a challenge in caring for the trauma patient familiarity with normal changes is imperative. Shah et al 9 identified 114 pregnant patients who had been involved in accidents to assess the ability to accurately predict patterns of injury in pregnant women, determine if pregnancy affects maternal morbidity and mortality after trauma, and identify predictors of fetal death. They concluded that pregnancy influences the pattern of injury in the patients even though pregnancy was not noted to increase mortality or morbidity. Predicting the pattern of injury begins with an understanding of the mechanism of injury and continues as the primary and secondary assessments are performed and injuries are actually identified.
The primary survey is the "ABCs" approach otherwise know as "airway, breathing and circulation." The primary survey continues with D and E, completing the disability portion of the assessment while exposing the patient. During the primary survey, interventions should be initiated as complications are identified. The survey is quick, lasting no longer than 30 to 60 seconds. The primary survey begins with assessing the airway of the patient while maintaining in-line cervical spine immobilization. The clinician ensures that the patient is protecting her own airway and that the airway is free from obstructions and secretions. Placement of an oral or nasal airway and even endotracheal or nasotracheal intubation may be necessary to assist in airway management.
Respiratory rate and effort is assessed next. High-flow oxygen is a requirement to properly oxygenate the mother and the fetus. At a minimum, 100% oxygen via a non rebreather mask should be initiated until proper assessment and injury identification of the pregnant trauma patient can be completed. Respiratory changes during pregnancy are comparable to someone exerting themselves with moderate exercise. The result is a 40% increase in their resting minute ventilation. They exhibit diminished inspiratory and expiratory reserve so that minimal chest trauma may compromise a patient's respiratory sta-tus. If absent, agonal or labored respirations are noted and/or airway compromise is questioned, securing the airway and breathing for the patient is necessary. Rapid sequence intubation will be performed as with the nonpregnant patient. Preoxygenation is very important. The increase in oxygen consumption during pregnancy and the decrease noted in the functional residual capacity lead to rapid oxyhemoglobin desaturation with prolonged or multiple intubation attempts. Edema and increased vascularity of the airway make intubation more challenging. Progesterone and estrogen levels increase, slowing down gastrointestinal motility. This causes delayed gastric emptying, so it is always assumed that the stomach is full. This increases the risk of aspiration during intubation and should be kept in mind during the procedure, especially when ventilating the patient using positive pressure ventilation including a bag-valve mask.
In assessing circulation, the clinician is looking at volume replacement and hemorrhage control. Warm crystalloid fluids such as Lactated Ringer's Solution or normal saline should be administered over the first 30 to 60 minutes as a 3 to 1 replacement for the estimated blood loss. 41 Replacement with blood products may be necessary as well. The use of colloids in trauma resuscitation remains controversial. All sources of hemorrhage should be assessed and controlled as able. Blood pressure norms should also be considered keeping in mind that blood pressure returns to nonpregnant levels as the patient approaches 40 weeks. O-negative blood should be utilized, usually after the infusion of 2 liters on crystalloids. Since the pregnant patient has extra intravascular reserve accumulating during pregnancy, cardiac output and preload may remain constant in the presence of hemorrhage. Therefore, a 30% to 35%, or 1500 to 2000 mL, loss of blood might occur prior to observing any sign or symptom of shock. If signs and symptoms of shock develop, the pregnant patient has lost critical amounts of blood and the clinician is behind in the resuscitation efforts. The increase in cardiac output remains until approximately 2 days after delivery and then gradually decreases over the first 2 weeks' postpartum. Even trauma patient who are in the postpartum period could possess such signs and symptoms. Fetal survival depends largely on the uterus being adequately perfused and the fetus being well oxygenated. Therefore, high-flow O 2 and aggressive resuscitation are important to maintain maternal blood pressure and avoid shock. If the patient goes into shock, the uterine perfusion is further compromised and signs of fetal distress will be noted. The assessment of the FHTs is delayed until the secondary survey. Maternal shock is the leading cause of fetal death, revealing that fetal well-being is dependent on maternal resuscitation.
The enlarging uterus can occlude the inferior vena cava or the aorta in the supine position, leading to a decrease in cardiac output and an increase in venous pressure, reducing perfusion pressure in the uterus. It is important to avoid supine hypotension by manually displacing the uterus or placing the patient on her left side with a wedge under the backboard for support at a 15 • tilt. The supine position during pregnancy can compromise cardiac output by as much as 30%. 26 A gravid patient after 28 weeks' gestation can go into shock simply by being placed in a supine position even when no blood loss has occurred.
The disability portion of the primary assessment includes the basic neurological examination. Remember that eclampsia is a complication associated with late pregnancy and should be considered when altered mental status and seizure activity is noted in the pregnant trauma patient. Associated signs, symptoms, and clinical findings would include hypertension, hyperreflexia, proteinuria, and peripheral edema. Expose the patient and then evaluate for any missed injuries. The pregnant patient should be rolled onto her side, while maintaining in-line cervical spine immobilization, to allow for a quick assessment of her neck and back. This is especially important with known or suspected gunshot injuries to assess for entrance and exit wounds.
The secondary survey includes a head-totoe assessment of the pregnant patient. Each area will be inspected, auscultated where applicable, and palpated for injuries. Special consideration should be taken to the change in anatomical location of some of the internal organs that have been displaced during pregnancy. Because of these changes, a couple of things need to be kept in mind. If the insertion of a chest tube is identified, it should be placed 1 to 2 intercostal spaces higher than usual because of the increase in the substernal angle by 50% with the rising of the diaphragm (by as much as 4 cm) and the increase in the AP diameter of the chest (by as much as 2 cm). Pregnant women have a higher chance of sustaining a serious abdominal injury than chest or head injuries, 9 so careful attention needs to be paid to the abdominal component of the secondary assessment.
During the secondary survey, the uterus and fetus will be evaluated. The clinician will evaluate the uterus for signs of uterine contractions, tenderness, or irritability. Contractions may begin and go unrecognized because of injuries associated with the accident. If the patient is unresponsive, detecting contractions can be even more difficult. The size of the uterus will be measured to estimate gestational age and the uterus will be palpated for the location of fetal parts and positioning. Vital signs will be monitored. It is important that the vital signs of the normal pregnant patient not be mistaken for a patient in shock. Be familiar with normal changes that occur in vital signs during pregnancy and frequently reassess the patient for subtle changes. Hemodynamic changes that normally occur during pregnancy include the following: blood pressure reaches its lowest level at 28 weeks and then gradually returns to baseline by term; little change is noted in the respiratory rate during pregnancy; the heart rate increases by 10 to 15 beats per minute; and an electrocardiogram tracing may show an axis shift toward the left by approximately 15 • , T waves that are inverted or flattened in III and AVF, and an increase in ectopic beats. 26 Because of the potential for reduced uterine blood flow, vasopressors should be avoided until appropriate volume has been replaced. However, they should not be withheld if indicated in the resuscitation of the gravid patient. It might be considered in the presence of severe cardiac contusion with cardiogenic shock and spinal cord injuries with accompanying neurogenic shock. 5, 41 Fetal heart rate should be evaluated during this portion of the survey and should range from 120 to 160 beats per minute. Obtaining a complete past medical history to include obstetrical information such as gravidity, parity, last menstrual period, estimated date of conception, prenatal care, high-risk complications associated with pregnancy, and use of drug/alcohol during pregnancy should end the secondary survey.
LWW/CCNQ
There are several considerations for the prehospital clinician when caring for the pregnant trauma patient. High-flow oxygenation is mandatory even if the injury appears relatively minor. Initiation of 2 large bore IVs are needed for vigorous fluid replacement. The human body naturally shunts blood away from nonvital organs during shock and the uteroplacental circulation is considered to be nonvital. The 30% to 35% blood loss prior to seeing any signs or symptoms of shock can be at the expense of the fetus. Pregnant women often have low blood pressure (as much as 10 to 15 torr) and some degree of tachycardia (as much as 15% increase), making it more challenging to assess the degree of hypovolemia. Rapid treatment and transport, also known as a load-and-go situation, of the obstetrical trauma patient is the key to maximizing the chance of maternal survival, in turn creating the optimal chance of fetal survival. Calculation of the Glasgow Trauma Score (Glasgow Coma Scale) and Trauma Score are important to complete and report in the trauma room. Neurological examinations need to be accurately completed, especially if rapid sequence intubation is indicated. It is important that the emergency department physician knows what the neurologic status of the patient was prior to the administration of sedatives and paralytics. There is a decrease in anesthetic re-quirements during pregnancy, causing small doses of sedatives to go a long way so care should be taken to monitor the patient closely when medications for sedation have been administered. It is also important to remember that hormonal changes and the thinning out of the abdominal wall during pregnancy decrease the sensation to the perineal area. Serious injury can have occurred with little to no signs of rigidity, guarding, or tenderness. MAST Trousers (military antishock trousers), also known as pneumatic antishock garments, are still utilized by some Emergency Medical Services agencies. The leg compartment may be inflated to stabilize lower extremity fractures. The abdominal compartment should only be used as last resort and only with approval of medical control because it causes uteroplacental blood flow compromise. Early notification of Medical Control to establish the appropriate trauma triage and activate the members of the trauma team is essential.
ONGOING CARE
Being familiar with and following the protocols for the emergency and trauma departments in your facility will enhance the care given to this low-volume, high-risk group of patients. Upon arrival to the emergency department, a quiet environment is important to accurately hear the report from the prehospital providers. This report should be quick, clear, and concise, taking no more than 15 to 30 seconds. During this report, ancillary caregivers can transfer the patient to the trauma stretcher and continue the previously initiated care. The patient should be placed back on a cardiac monitor, O 2 and IV therapy should be continued as before, and the patient should quickly be placed on a left tilt. A calm, controlled environment will be much more advantageous for the mother, her unborn child, and the caregivers. Close observation and reassessment will be needed.
In the trauma room, a primary and secondary survey will be completed by the emergency department physician. A quick ultrasound is completed. Ultrasonography is utilized to identify free fluid in the pericardial, pleural cavities, peritoneum, and retroperitoneum. The rapid trauma ultrasound examination results have become very useful, with an 86% sensitivity and 99% specificity detection rate for intraperitioneal fluid and a 100% sensitivity and 99% specificity detection rate for pericardial fluid. 42 Ultrasonography is used to confirm fetal heart rate. It is used to assess for multiple gestations, identify the location of the placenta and possibly the presence of abruption, and assess position of the fetus. The ultrasound can be utilized to determine gestational age in the unresponsive or confused patient. It can also detect the amount of amniotic fluid present to protect the developing fetus. It is a reliable diagnostic tool without the harm of radiation. The sensitivity of abdominal ultrasound in pregnant blunt trauma patient has been noted 80% to 83%, showing an occasional false negative, signifying that any woman with a negative ultrasound should still be observed. 43, 44 Ultrasonography is also utilized to assess activity of the fetus. Although not as useful in diagnosing uterine rupture or placental abruption, the rapid trauma ultrasound examination may assist in avoiding delays in the management of patients requiring exploratory laparotomies. 45 The obstetrician will assist in the assessment of the perineum looking for fluid. Fern testing would need to be completed to determine if amniotic fluid was present. Nitrazine paper will detect alkaline pH of amniotic fluid with color change from yellow to blue. Urine will not change the color of the Nitrazine paper. In the absence of vaginal bleeding, a sterile speculum examination will be performed to evaluate the vaginal wall and cervical dilatation. This examination can also aid in the discovery of vaginal lacerations from open pelvic fractures.
Early in pregnancy, the use of ultrasound, diagnostic peritoneal lavage (DPL), and computerized tomography will be utilized to identify injuries. In the later half of pregnancy, ultrasound and computerized tomography will be utilized as DPLs are harder to perform because of the enlarging uterus. DPL has been shown to be advantageous in pregnant patients and are 95% accurate and safe. 17, 27, 46 Imaging studies will be completed as in the nonpregnant patient shielding the abdomen when able to minimize exposure. The risk of radiation to the unborn fetus should not be disregarded, studies should be limited to what is actually felt to be needed. Normal changes associated with a chest x-ray during pregnancy might reveal cardiomegaly and a slightly widened mediastinum. A pelvic film might normally show a widening of the sacroiliac joints and sympysis pubis during pregnancy. Some fetal injuries are associated with trauma during pregnancy. Fetal injuries usually occur later in pregnancy, fetal skull fractures or intracranial hemorrhage being the most common. 27 Cardiotocography is most often utilized in patients, starting around 20 weeks' gestational age to assess for placental abruption. 41 Keep in mind that not all abnormal changes detected from fetal monitoring point toward the delivery of the fetus. Fluid boluses, maternal position change, oxygen administration, or pharmacological agents might be indicated. Assessing FHTs is very important as it may be the first sign of maternal hemodynamic compromise due to blood shunting from the uterus. Prolonged monitoring is unnecessary unless placental abruption is suspected. 16 Patients with a viable fetus should be monitored for 4 to 6 hours as long as there has been no evidence of contractions, preterm labor, vaginal bleeding, or fetal loss. If any of these are identified, or if the patient requires admission for treatment of maternal injuries, severe head injury, or requires general anesthesia, the patient should be monitored for at least 24 hours, watching for signs of uterine contractions/irritability, vaginal bleeding, PROM, and fetal heart variability. 6, 17 Laboratory testing will be routinely used. Blood gases will ordinarily show a compensatory respiratory alkalosis during pregnancy because of physiological changes. The normal pH increases slightly (7.40-7.45 ) and the body excretes increased amounts of bicarbonate to keep it is this range. The pH is a good measure of hypoperfusion during pregnancy and is watched closely. The PaO 2 is increased slightly too (104-108 mm Hg) because of the increase in minute ventilation and oxygen consumption. The PaCO 2 decreases with increase minute ventilation to 27 to 32 mg Hg. This value helps increase the CO 2 gradient between the fetus and mother assisting with the transfer of CO 2 . A nonpregnant value could be harmful to the fetus. A normal bicarbonate (HCO 3 ) level during pregnancy decreases to 18 to 31 mEq/L.
Blood typing in these patients is important. The prothrombin time and partial thromboplastin time will be observed because of the increased clotting activity noted during pregnancy. Pregnancy is known for being a time of insulin resistance so glucose levels will be monitored closely. A urinalysis should be completed to include a urine pregnancy test for female patients of reproductive age when pregnancy status is unknown.
The occurrence of fetomaternal hemorrhage should be evaluated in patients sustaining trauma and is a significant concern in the Rh-negative pregnant trauma patient. Exposure of the maternal circulation to fetal blood, resulting from a breakdown of the fetomaternal barrier, can lead to isoimmunization in Rhnegative patients, with later development of antibodies that can cross the placental barrier in future pregnancies. This leads to hemolysis of Rh-positive fetal red blood cells. 47 The Kleihauer-Betke test is used to detect hemorrhage of fetal cells within the maternal circulation as well as assessing for Rh sensitization. The blood film is stained with an acid elution. The fetal hemoglobin is more resistant to the acid, causing the fetal red blood cells to stain dark purple-pink and the maternal red blood cells to appear clear. The fetal and maternal cell ratio is recorded representing the amount of fetal blood that has leaked into the maternal circulation. RhoGAM is an immune serum that is used to suppress the immune response of nonsensitized Rho (D) and needs to be administered in patients who are Rh negative regardless of gestational age who have sustained all but minor extrem-ity trauma; 300 mcg (one ampule) of Rh immune globulin within the first 72 hours of injury covers up to a 15 mL feto-maternal hemorrhage and appears to provide the protection needed from alloimmunization. 41 Normal dosages may be inadequate if evidence of massive feto-maternal hemorrhage is noted.
Foley catheters are inserted for accurate urinary output to measure hemodynamic status and to assess for the incidence of trauma to the bladder. These catheters increase the risk for urinary tract infections and pyelonephritis, which may be the etiology for unexplained fever in admitted patients. Nasogastric and orogastric tubes are placed because of the fact that pregnant patients are prone to gastric reflux and delayed gastric emptying. This procedure might be considered to prevent aspiration of gastric contents. If a nasogastric tube is utilized, increased bleeding from the nares might be noted because of the hyperemic and edematous state of the mucosa during pregnancy.
Tetanus toxoid is not contraindicated during pregnancy. The normal dose of 1 1 / 2 mL should be administered if the patient has not received a booster in the past 5 years. If the patient has not been immunized in the past, she should receive 500 units of tetanus immunoglobulin in high-risk injuries. 29 Antibiotic therapy should be utilized appropriately, especially if the patient has an open fracture and certain other injuries. Pain management, sedation, and paralytics will be considered as needed.
A laparotomy is occasionally indicated because of intraperitoneal injuries or with a mother's decline in hemodynamic status. There is no greater risk of morbidity or mortality noted than when a caesarean occurs at the same time as the laparotomy, even when the abdominal exploration is negative. When fetal death has been reported, other factors were noted such as maternal shock, hypoxia, and high Injury Severity Scores as contributing factors to the death. 17 Emergency cesareans are occasionally indicated on the basis of fetal or maternal distress. Fetal and maternal survival rates after emergency cesarean delivery have been documented as high as 45% and 72%, respectively, with infant viability being defined by a gestational age at or above 26 weeks with presence of FHTs. Maternal distress and Injury Severity Scores do not appear to be related to the survival of the infant. 48 Survival rates improve from 20% to 30% at 24 weeks to approximately 50% at 26 weeks, making this gestation an acceptable cut-off date when deciding the risks of the emergency cesarean. An emergency cesarean might be indicated if the gravid uterus interferes with trauma-related surgical interventions, the fetus is at risk because of abruption or uterine rupture, if evidence of fetal distress is noted with fetal maturity, and if obvious impending or recent maternal death has occurred. 27 Although traumatic cardiac arrest during pregnancy is rare (estimated 1 in 30,000 deliveries), prompt initiation of cardiopulmonary resuscitation (CPR) must occur while quickly considering the etiology behind the arrest. One must keep in mind specific complications of pregnancy. 49 Treatment of the pregnant patient in cardiac arrest is no different than any other patients, including drug dosages and defibrillation settings. Chest compressions and ventilations should be performed in the usual manner. Maintain a slight left tilt of the pregnant patient during CPR to enhance venous return after 24-week gestation. Patients should be receiving 100% oxygenation. Pregnant women do not tolerate hypoxia well. IV fluid should be running wide open on pressure bags, and blood products should be considered if hemorrhage is suspected. Continue CPR until the age of the fetus is determined so decision can be made as to proceeding with a perimortem cesarean. The fetus can tolerate hypoxia longer than normal, but the decision to proceed with a cesarean delivery should be made quickly.
DePace et al 50 describe a case in which a patient in cardiac arrest underwent a cesarean after 25 minutes of CPR. The infant was delivered, within 4 minutes of beginning the procedure, with 1 and 2 apgars at 1 and 5 minutes, respectively. The mother regained a femoral and carotid pulse. Twenty months later, both were alive and doing well with no neurological deficits. Several things should be taken into consideration prior to deciding to proceed with a perimortem cesarean delivery to include the gestational age of the fetus, the time between arrest and delivery, and the adequacy of the resuscitative efforts during since the arrest. Continuous resuscitation of the mother obviously improves the mother's chance of survival and, when done appropriately, might save both the mother and the fetus. Delivery of the fetus should occur within 4 minutes of the cardiopulmonary arrest. 41 The delivery of the fetus will increase cardiac output by 60% to 80% of prepregnancy levels, giving a better chance to the recovery of the mother and the fetus. Better outcomes are associated with prompt initiation of CPR and delivery of the neonate by emergent cesarean. 51 A large skin incision is the key to allow plenty of room for the delivery of the fetus. 52 A midline vertical abdominal wall incision from xiphoid to pubis and a midline vertical upper uterine segment incision will be used, addressing the bleeding only after fetus delivered.
TRANSPORT STRATEGIES
Patients might be discharged home with specific instructions for returning for medical care if they have sustained only minor trauma, have reassuring FHTs, and are not experiencing any contractions. They should verbalize understanding of the need to return for medical care if abdominal cramping, increase in pain, or vaginal bleeding is noted. These patients may not have complained of any uterine tenderness or shown no signs of vaginal bleeding or rupture of membranes during their evaluation. Patients experiencing only obstetrical complications such as abdominal pain, uterine contractions, vaginal bleeding, rupture of membranes, or decreased fetal movement will be further evaluated in the labor and delivery unit. If the patient is in a facility that is not a trauma center, cannot care for high-risk obstetrical patients, or cannot care for neonates, the decision might be made to transfer the patient to another facility. If that decision is made, the same concerns will be important in caring for this patient. Monitoring of the mother will continue, including assessment of blood pressure, oxygen saturation levels, heart rate, respiratory rate, and carbon dioxide levels, if indicated. FHTs will be assessed when leaving the referring facility, upon arrival to the receiving facility, and at least every 15 minutes during transport. The patient will be transported on her left side and care will be taken to continue treatments such as IV and oxygenation therapy. The clinician will constantly reassess the patient to ensure that no changes have occurred in the primary and secondary survey. Anatomical and physiological changes must be kept in mind throughout the transport.
CONCLUSION
Pregnant trauma patients add another challenge to the care that we provide. Two patients instead of one and the possibility of another victim. A scenario often psychologically and emotionally draining for both patients and healthcare providers. Understanding the anatomical and physiologic changes that occur during pregnancy can make a big difference in the outcome of both patients. Trauma centers should have protocols to address the unique situations of trauma in pregnancy to include initial stabilization, secondary assessment, fetal evaluation, the management of cardiac arrest patients, and the indications for perimortem cesarean sections. These protocols should include input from all specialists involved in this multidisciplinary emergency so that roles of the team members and the management plan are clearly defined and understood. 13 Fetal mortality has risk factors associated with it and these should be red flags to the clinicians. Indicators such as maternal death, increasing Injury Severity Scores, decreasing Glasgow Coma Scale, serious abdominal injuries, maternal shock, acidosis, and fetal bradycardia should be monitored closely. 9, 12 Remembering these special considerations of pregnancy, especially those that can mask or mimic other injuries, can help the clinician better manage the outcome of the pregnant patient. Resuscitation of the mother is the key to survival of both the mother and the fetus.
